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SOLID-STATE IMAGE SENSOR AND METHOD OF DRIVING SAME 

BACKGROUND OF THE INVENTION 

The present invention relates to a solid-state 
image sensor and a method of driving the same, and more 
particularly to an amplifying type solid-state imaging 
device such as a MOS image sensor having an amplifying 
function per unit pixel , and also to a method of driving 
such an image sensor. 

Fig. 14 shows an exemplary structure of a 
conventional two-dimensional solid-state image sensor known 
heretofore as an amplifying type solid-state imaging device 
in the related art. In this diagram, a unit pixel 105 is 
composed of a photodiode 101, an amplifying MOS transistor 
102, a photodiode reset MOS transistor 103, and a vertical 
select MOS transistor 104. In this structure, a gate 
electrode of the photodiode reset MOS transistor 103 is 
connected to a vertical reset line 108, a gate electrode of 
the vertical select MOS transistor 104 to a vertical select 
line 109, and a source electrode of the vertical select MOS 
transistor 104 to a vertical signal line 110, respectively. 

A horizontal select MOS transistor 112 is connected 
between one end of the vertical signal line 110 and a 
horizontal signal line 111. The operation of each pixel is 
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controlled per row by two kinds of vertical scanning pulses 
0VSn and 0VRn outputted from a row-select vertical 
scanning circuit 113 , and a pixel signal is outputted to 
the horizontal signal line 111 via the horizontal select 
MOS transistor 112 which is controlled by a horizontal 
scanning pulse 0Hm outputted from a column-select 
horizontal scanning circuit 114. At this time, the signal 
charge stored in the photodiode 101 through photoelectric 
conversion is converted into a signal current by the 
amplifying MOS transistor 102 and then is delivered as an 
output signal of the image sensor. 

However, in the known amplifying type two- 
dimensional solid-state image sensor of the above 
structure, there exists a problem of characteristic 
deviation in the active elements constituting each pixel, 
principally in the amplifying MOS transistor 102, and 
particularly relative to deviation of the threshold voltage 
Vth of the MOS transistor. And such deviation is included 
directly in the output signal of the image sensor. Since 
this characteristic deviation has a fixed value per pixel, 
it appears as a fixed pattern noise (FPN) in the picture 
displayed on a screen. For suppressing such fixed pattern 
noise, it is necessary to externally connect to the device 
a noise elimination circuit using a frame memory or a line 



memory , so as to eliminate any noise component derived from 
the characteristic deviation in the pixel. As a result , in 
a camera system or the like employing such a solid-state 
image sensor as an imaging device, the scale thereof is 
rendered larger correspondingly to the noise elimination 
circuit connected thereto externally. 

In comparison with the above, there is contrived 
another amplifying type solid-state image sensor which has 
a structure of Fig. 15 and is capable of internally 
suppressing such fixed pattern noise in the device. The 
difference of this solid-state image sensor resides in the 
point that, although its unit pixel 105 is structurally the 
same as Fig. 14 , a horizontal output circuit 115 is 
provided for suppressing the fixed pattern noise derived 
from the characteristic deviation in the pixel 105, and 
this horizontal output circuit 115 executes a process of 
taking the difference between pre-read and post-read (pre- 
reset and post-reset) signals of the pixel 105. 

In Fig. 15, a load MOS transistor 116 serving as a 
load to the source follower operation of an amplifying MOS 
transistor 102 is connected between a vertical signal line 
110 and the ground. Further, one main electrode of each of 
paired signal switch MOS transistors 117 and 117' is 
connected to the vertical signal line 110. And a pair of 



signal holding capacitors 118 and 118 1 are connected 
respectively between the ground and the other main 
electrodes of such paired signal switch MOS transistors 117 
and 117 ' . 

Further a pair of horizontal select MOS transistors 
112 and 112' are connected respectively between the other 
main electrodes of the paired signal switch MOS transistors 
117, 117' and a pair of horizontal signal lines 111, 111*. 
And a noninverting (+) input terminal and an inverting (-) 
input terminal of a differential amplifier 119 are 
connected respectively to the pair of horizontal signal 
lines 111 and 111 1 . 

In the amplifying type solid-state image sensor of 
the above structure, pixel pre-reset and post -reset signals 
are held respectively in signal holding capacitors 118, 
118' via the signal switch MOS transistors 117, 117' and 
then are supplied to the differential amplifier 119 via the 
horizontal select MOS transistors 112, 112' and the 
horizontal signal lines 111, 111'. Subsequently, the 
difference between the pixel pre-reset and post-reset 
signals is taken in the differential amplifier 119 to 
thereby eliminate the fixed pattern noise derived from the 
characteristic deviation in each unit pixel. 

Although it is possible in the amplifying type 
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solid-state image sensor of the above structure to suppress 
the fixed pattern noise derived from the characteristic 
deviation in each unit pixel, the pixel pre-reset and post- 
reset signals reach the differential amplifier 119 via 
separate signal paths, so that the characteristic 
deviations relative to the paired signal switch MOS 
transistors 117, 117* and the paired horizontal select MOS 
transistors 112, 112* appear in the picture as fixed 
pattern noises with vertically correlated streaks. 
Therefore, this structure also requires an external 
correction circuit for suppressing the fixed pattern noises 
with vertical streaks. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide 
an improved amplifying type solid-state image sensor which 
is capable of suppressing, within the device, any fixed 
pattern noise derived from characteristic deviation in each 
unit pixel and also other fixed pattern noise of vertical 
streaks. And another object of the invention is to provide 
a method of driving such an image sensor. 

According to a first aspect of the invention, there 
is provided a solid-state image sensor which comprises unit 
pixels each having a photoelectric conversion element for 
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converting incident light into electric signal charge and 
then storing the signal charge obtained through such 
photoelectric conversion, an amplifying element for 
converting into an electric signal the signal charge stored 
in the photoelectric conversion element, and a select 
switch for selectively outputting the pixel signal from the 
amplifying element to a signal line; and a reset circuit in 
each of the unit pixels for resetting the photoelectric 
conversion element every time a pixel signal is outputted 
from the relevant unit pixel. 

According to a second aspect of the present 
invention, there is provided a method of driving a solid- 
state image sensor of the above structure. The method 
comprises the steps of resetting the photoelectric 
conversion element every time a pixel signal is outputted 
from the relevant unit pixel; then delivering a pre- reset 
signal and a post-reset signal from each unit pixel and 
taking the difference between the pre-reset signal and the 
post-reset signal. 

And according to a third aspect of the present 
invention, there is provided a camera which comprises an 
optical system for focusing incident light from an object 
scene to form an image thereof; a solid-state image sensor 
comprising unit pixels each having a photoelectric 
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conversion element for converting the optical image formed 
by the optical system into electric signal charge and then 
storing the signal charge obtained through such 
photoelectric conversion, an amplifying element for 
converting into an electric signal the signal charge stored 
in the photoelectric conversion element , and a select 
switch for selectively outputting the pixel signal from the 
amplifying element to a signal line, and a reset circuit in 
each of the unit pixels for resetting the photoelectric 
conversion element every time a pixel signal is outputted 
from the relevant unit pixel ; a drive capable of driving 
the solid-state image sensor; and a signal processor for 
processing the output signal of the solid-state image 
sensor. 

In each of the unit pixels constituting the solid- 
state image sensor of the structure described above, the 
photoelectric conversion element is reset every time a 
pixel signal is outputted, so that a pre-reset signal and a 
post-reset signal per pixel are outputted successively from 
each of the unit pixels. In this case, fixed pattern noise 
derived from any characteristic deviation in the pixel is 
generated" as an offset component from the amplifying 
element of each pixel* Therefore, the noise component can 
be canceled by taking the difference between the pre-reset 



signal and the post-reset signal. Further in the two- 
dimensional solid-state image sensor, the pre-reset and 
post-reset signals are outputted from a vertical signal 
line to a horizontal signal line via a common signal path, 
so that fundamentally none of vertically correlated streak 
noise components is generated. 

The above and other features and advantages of the 
present invention will become apparent from the following 
description which will be given with reference to the 
illustrative accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing the structure of 
a first embodiment of the present invention; 

Fig. 2 is a timing chart of signals for explaining 
the operation of the first embodiment; 

Fig. 3 is a circuit diagram showing an exemplary 
configuration of a CDS circuit; 

Figs. 4A and 4B graphically show Id-Vd 
characteristics of an enhancement type MOS transistor and a 
depletion type MOS transistor, respectively; 

Fig. 5 is a potential diagram for explaining the 
operation of a reset circuit in the first embodiment; 

Fig. 6 is a circuit diagram showing another 
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structural example of a unit pixel; 

Fig. 7 is a circuit diagram showing a further 
structural example of a unit pixel; 

Fig. 8 is a potential diagram corresponding to the 
structure of Fig. 5; 

Fig. 9 is a potential diagram corresponding to the 
structure of Fig. 6; 

Fig. 10 is a block diagram showing the structure of 
a second embodiment of the present invention; 

Fig. 11 is a timing chart of signals for explaining 
the operation of the second embodiment; 

Fig. 12 is a potential diagram for explaining the 
operation of a reset circuit in the second embodiment; 

Fig. 13 is a schematic block diagram showing an 
exemplary structure of a camera of the present invention 
which employs a solid-state image sensor of the above 
structure; 

Fig. 14 is a block diagram showing an exemplary 
known structure of the related art; and 

Fig. 15 is a block diagram for explaining the 
problems in the related art. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter some preferred embodiments of the 



present invention will be described in detail with 
reference to the accompanying drawings. Fig. 1 is a block 
diagram showing the structure of a first embodiment of the 
present invention. 

In Fig. 1, the area enclosed with a broken line 
represents a unit pixel 11. This unit pixel 11 is composed 
of a photodiode (PD) 12 as a photoelectric conversion 
element, an amplifying MOS transistor 13 as an amplifying 
element , a select MOS transistor 14 as a select switch, a 
reset MOS transistor 15 as a reset switch, and a reset 
select MOS transistor 16. Entire unit pixels are arrayed 
two dimensionally to form a matrix of rows and columns. In 
order to simplify the diagram, merely one unit pixel 11 
(mth column, nth row) is shown here. 

In this unit pixel 11, the photodiode 12 has a 
function of executing photoelectric conversion of incident 
light and storing the signal charge obtained through such 
photoelectric conversion. A gate electrode of the 
amplifying MOS transistor 13 is connected to a cathode 
electrode of the photodiode 12, while a drain electrode of 
the amplifying MOS transistor 13 is connected to a power 
supply (VDD) line 17. And the select MOS transistor 14 is 
connected between a source electrode of the amplifying MOS 
transistor 13 and a vertical signal line 18. 



The reset MOS transistor 15 is connected between 
the cathode electrode of the photodiode 12 and the power 
supply line 17 , and the reset select MOS transistor 16 is 
connected between a gate electrode of the reset MOS 
transistor 15 and a horizontal reset line 19. Each of the 
reset MOS transistor 15 and the reset select MOS transistor 
16 consists of a depletion type transistor. The gate of 
this reset select MOS transistor 16 is connected to a 
vertical select line 20 together with the gate electrode of 
the select MOS transistor 14. And a horizontal select MOS 
transistor 22 is connected between the vertical signal line 
18 and a horizontal signal line 21. 

Further a row-select vertical scanning circuit 23 
and a column-select horizontal scanning circuit 24 are 
provided. A vertical scanning pulse 0Vn outputted from 
the vertical scanning circuit 23 is applied to the vertical 
select line 20, a horizontal reset pulse 0HRm outputted 
from the horizontal scanning circuit 24 is applied to the 
horizontal reset line 19 , and a horizontal scanning pulse 
0HSm to the gate electrode of the horizontal select MOS 
transistor 22 , respectively. Thus, the circuit 
configuration is simplified since the horizontal scanning 
circuit 24* serves also as a reset circuit which generates a 
horizontal reset pulse <£> HRm. 
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A correlated double sampling circuit (hereinafter 
referred to as CDS circuit) 25 of a simple configuration is 
provided at the output end of the horizontal signal line 21 
to serve as a differential circuit which takes the 
difference between pixel pre-reset and post-reset signals. 
A concrete configuration of this CDS circuit 25 will be 
explained later in detail together with its operation. The 
output end of the CDS circuit 25 is connected to an output 
terminal 26 of the image sensor. 

Now the operation of the amplifying type solid- 
state image sensor in the first embodiment of the above 
structure will be described below with reference to a 
timing chart of Fig. 2. 

First, the signal charge (electron) stored in the 
photodiode 12 through photoelectric conversion is converted 
into an electric signal by the amplifying MOS transistor 
13. And subsequently during a horizontal video period, a 
vertical scanning pulse 0Vn is outputted from the vertical 
scanning circuit 23, and then is applied to the respective 
gate electrodes of the select MOS transistor 14 and the 
reset select MOS transistor 16 via the vertical select line 
20. Consequently these MOS transistors 14 and 16 are 
turned on f so that the signal current appears on the 
vertical signal line 18 via the select MOS transistor 14. 
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During this horizontal video period , a horizontal 
scanning pulse 0HSm is outputted from the horizontal 
scanning circuit 24 , and then is applied to the gate 
electrode of the horizontal select MOS transistor 22. 
Consequently the MOS transistor 22 is turned on, so that 
the signal current appearing on the vertical signal line 20 
is caused to flow in the horizontal signal line 21 via the 
horizontal select MOS transistor 22, whereby the signal 
current is supplied via the horizontal signal line 21 to 
the CDS circuit 25. 

Immediately thereafter, a horizontal reset pulse 
0HRm is supplied from the horizontal scanning circuit 24 
to the horizontal reset line 19 with regard to the relevant 
pixel which has outputted the signal current. Since the 
reset select MOS transistor 16 is in its on-state at this 
time, the horizontal reset pulse 0HRm is applied to the 
gate electrode of the reset MOS transistor 15 via the reset 
select MOS transistor 16. Consequently the reset MOS 
transistor 15 is turned on to thereby reset the photodiode 
12 to the VDD level. 

As obvious from the timing chart of Fig. 2, this 
horizontal reset pulse 0 HRm is generated substantially at 
the midpoint of generation of the horizontal scanning pulse 
0HSm. Therefore, the charge (noise component) of the 



photodiode 12 after extinction of the horizontal reset 
pulse 0HRm, i.e., the post-reset signal charge thereof, is 
converted into a current by the amplifying MOS transistor 
13, and this reset current flows in the horizontal signal 
line 21 via the on-state select MOS transistor 14, the 
vertical signal line 18 and the on-state horizontal select 
MOS transistor 22, and subsequently such reset current is 
supplied to the CDS circuit 25 via the horizontal signal 
line 21. 

Due to a series of the operations mentioned, a 
signal output and a reset output are obtained sequentially 
in the form of signal output -* PD reset -» noise output 
relative to one pixel 11. Such operations are performed in 
respect of the pixel row selected by the vertical scanning 
circuit 23 with sequential selection of pixels by the 
horizontal scanning circuit 24, so that the outputs are 
delivered to the horizontal signal line 21 in the order of 
mth column, nth row (signal output — * PD reset -* noise 
output), (m+l)th column, nth row (signal output -» PD reset 

-» noise output) and so forth, and then are supplied 

to the CDS circuit 25. Subsequently, correlated double 
sampling is executed in this CDS circuit 25 on the basis of 
such pre-reset and post-reset noise outputs, hence 
eliminating the characteristic deviation principally in the 

14 



amplifying MOS transistor 13. 

Fig. 3 shows an exemplary concrete configuration of 
the CDS circuit 25. This circuit 25 comprises a current- 
voltage converter 32 whose input end is connected to an 
input terminal 31 , a clamp capacitor 33 whose one end is 
connected to an output end of the current-voltage converter 
32, a clamp MOS transistor 34 whose one main electrode is 
connected to the other end of the clamp capacitor 33 , a 
sample hold MOS transistor 35 whose one main electrode is 
connected to the other end of the clamp capacitor 33, a 
sample hold capacitor 36 connected between the other main 
electrode of the sample hold MOS transistor 35 and the 
ground, and a buffer amplifier 37 connected between the 
other main electrode of the sample hold MOS transistor 35 
and an output terminal 38. 

In this CDS circuit 25, the current -voltage 
converter 32 consists of a differential amplifier 39 which 
receives, at its inverting (-) input, a signal current 
supplied via the input terminal 31, and also receives a 
predetermined bias voltage Vb at its non-inverting ( + ) 
input; and a feedback resistor 40 connected between the 
inverting input end of the differential amplifier 39 and 
the output end thereof. This converter 32 serves to 
convert the signal current into a signal voltage. A clamp 
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voltage Vcl is applied to the other main electrode of the 
clamp MOS transistor 34, and a clamp pulse 0CL to the gate 
electrode thereof, respectively. Further, a sample hold 
pulse 0SH is applied to the gate electrode of the sample 
hold MOS transistor 35. 

Thus, due to such correlated double sampling based 
on the pre-reset signal output and the post-reset noise 
output by using the CDS circuit 25 of the above 
configuration as a differential circuit, it becomes 
possible to eliminate the characteristic deviation of the 
amplifying MOS transistor 13 per pixel, particularly the 
threshold voltage (Vth) deviation of the MOS transistor. 

As described above, the photodiode 12 of each unit 
pixel 11 is reset every time one pixel signal is outputted, 
and correlated double sampling is executed on the basis of 
the pre-reset signal output and the post-reset noise 
output, hence suppressing the fixed pattern noise derived 
from the characteristic deviation in the pixel and also the 
fixed pattern noise of vertical streaks derived from the 
characteristic deviation in the switch element (horizontal 
select MOS transistor 22) connected to the vertical signal 
line 18. 

The fixed pattern noise derived from the 
characteristic deviation in the pixel is generated as an 
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offset component from the amplifying MOS transistor 13 of 
the unit pixel 11, and fundamentally this noise can be 
eliminated by executing correlated double sampling of the 
pixel pre-reset and post-reset signals. As for the other 
fixed pattern noise of vertical streaks derived from the 
characteristic deviation in the switch element connected to 
the vertical signal line 18 , the circuit configuration is 
so contrived as to supply the pixel pre-reset and post- 
reset signals via the same signal path, not via separate 
switch elements (e.g., horizontal select MOS transistors ) , 
thereby preventing generation of such noise in principle. 

Now a further detailed description will be given 
below on the operation of resetting the photodiode 12. As 
obvious from Fig. 1, each of the reset MOS transistor 15 
and the reset select MOS transistor 16 consists of a 
depletion type transistor. 

In case an enhancement type transistor is employed 
as the reset select MOS transistor 16, there arises a 
problem that, when resetting the photodiode 12 to the VDD 
level, the reset select MOS transistor 16 acts in its 
saturation region as shown in Fig. 4A if a horizontal reset 
pulse #HRm is applied to the drain electrode thereof in 
the state selected by a vertical scanning pulse 0Vn, so 
that the source potential is rendered lower than the drain 



potential. 

Meanwhile, in case a depletion type transistor is 
employed as the reset select MOS transistor 16, this 
transistor acts in its linear region as shown in Fig. 4B, 
so that the source potential substantially reaches the 
drain potential. Similarly, in case an enhancement type 
transistor is employed as the reset MOS transistor 15, 
resetting is performed in its saturation region, so that 
some charge may be left unremoved if the reset time is 
short, hence causing residual image. However, in case a 
depletion type transistor is employed, resetting is 
performed in its linear region to thereby achieve complete 
resetting without any unremoved charge. 

Next, the operation of the amplifying type solid- 
state image sensor in the embodiment of the above structure 
will be described below with reference to a potential 
diagram of Fig. 5 on the basis of a timing chart of Fig. 2. 

In a selected-pixel signal read mode (timing a in 
Fig. 2), the reset select MOS transistor 16 is turned on by 
a vertical scanning pulse #Vn, so that a low-level 
potential of a horizontal reset pulse 0HRm corresponding 
to the source potential is applied to the gate electrode of 
the reset MOS transistor 15. Since this MOS transistor 15 
is not turned on at this time, the signal charge stored in 
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the photodiode 12 is converted into a signal current by the 
amplifying MOS transistor 13. 

In a selected-pixel reset mode (timing b in Fig. 
2), a high-level horizontal reset pulse 0HRm is applied to 
the gate electrode of the reset MOS transistor 15 via the 
reset select MOS transistor 16 in an on-state, so that the 
reset MOS transistor 15 is turned on to thereby reset the 
photodiode 12 completely to the VDD level in its linear 
region. 

In a selected-pixel noise level read mode (timing c 
in Fig. 2), the horizontal reset pulse 0HRm is at its low 
level, and therefore a low-level potential is applied to 
the gate electrode of the reset MOS transistor 15 via the 
reset select MOS transistor 16 in an on-state, whereby the 
reset MOS transistor 15 is turned off. Consequently the 
reset level is converted into a noise current by the 
amplifying MOS transistor 13. And simultaneously, storage 
of the next frame is started at this time point. 

In a signal charge storage mode (timing d in Fig. 
2), i.e., at the time of reading another row and another 
column, the vertical scanning pulse fliVm is changed to a 
low level. However, since the reset select MOS transistor 
16 is of a depletion type, the gate electrode of the reset 
MOS transistor 15 is kept at its low level without being 

19 



placed in a floating state. 

In a nonselected-pixel reset mode (timing e in Fig. 
2), the drain of the reset select MOS transistor 16 is 
turned to the VDD level by a high-level horizontal reset 
pulse 0HRm, and then the potential corresponding to the 
low level of the gate electrode of the reset select MOS 
transistor 16 is applied to the gate electrode of the reset 
MOS transistor 15. In the photodiode 12 , the depletion 
reset gate serves directly as a transverse overflow 
barrier , and any excess charge above this level is dumped 
to the power supply. And the overflow barrier is lowered 
at this time point , where the overflow level is thereby 
determined . 

Regarding the structure of each unit pixel, there 
is generally contrived an example where, as shown in Fig. 6 
or Fig. 7, the reset MOS transistor 15 and the reset select 
MOS transistor 16 are connected in series between the 
cathode electrode of the photodiode 12 and the power supply 
line 17, and a horizontal reset pulse 4> HRm or a vertical 
scanning pulse 0Vn is applied to the gate electrode of the 
reset MOS transistor 15, while a vertical scanning pulse 
0Vn or a horizontal reset pulse 0HRm is applied to the 
gate electrode of the reset select MOS transistor 16. 

In such an exemplary structure, however, there 
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exists a disadvantage that the feedthrough obtained by the 
reset MOS transistor 15 and the reset select MOS transistor 
16 at the time of reading the noise level becomes different 
from the feedthrough at the time of reading the signal 
level , hence causing some deviation per pixel. The reason 
thereof will now be described below with reference to a 
potential diagram of Fig. 8 which corresponds to the 
structure of Fig. 6. 

Suppose first that status 1 represents a condition 
where a pixel is selected by generation of a vertical 
scanning pulse 0Vn and resetting is executed by generation 
of a horizontal reset pulse <f> HRm. In status 1, the 
photodiode 12 is reset to the VDD level. Subsequently in 
status 2, the horizontal reset pulse 0 HRm is extinct , and 
the potential of the photodiode 12 is rendered slightly 
shallower than the VDD level due to the feedthrough when 
the reset MOS transistor 15 is turned off. In this status, 
a noise level read mode is assumed. 

In status 3, a nonselection mode is assumed upon 
extinction of the vertical scanning pulse #Vn. The 
potential of the diffusion region between the reset MOS 
transistor 15 and the reset , select MOS transistor 16 is 
rendered slightly shallower than the VDD level due to the 
feedthrough when the reset select MOS transistor 16 is 



turned off. 

Status 4 represents a charge storage condition 
where the potential of the photodiode 12 is shallowed by 
the stored charge. Status 5 represents a nonselection 
reset condition where the same column on the other rows is 
reset. In this status , the reset MOS transistor 15 is 
turned on by generation of a horizontal reset pulse 0HRm, 
so that the signal charge, the reset gate feedthrough and 
the reset select gate feedthrough are adjusted. 

In status 6, the reset gate feedthrough is further 
added to the photodiode 12 upon extinction of the 
horizontal reset pulse 0HRm. Status 5 and status 6 are 
repeated during a period of reading the other rows. In 
status 7, the reset select MOS transistor 16 is turned on 
by generation of a vertical scanning pulse 0Vn, and the 
signal level is read in this status. Thereafter the 
operation returns to status 1. 

As obvious from a comparison of status 2 with 
status 7 in the potential diagram of Fig. 8, the charge 
quantity stored in the photodiode 12 due to the feedthrough 
at the noise level read time in status 2 is different from 
the charge quantity stored at the signal level read time in 
status 7. Since the feedthrough quantity differs depending 
on individual transistors similarly to the threshold 

22 



voltage deviation, the feedthrough difference between the 
signal level read mode and the noise level read mode cannot 
be canceled in the CDS circuit 25 which is used to suppress 
the pixel deviation , whereby such feedthrough difference is 
left unmoved as pixel deviation. 

Also in the structure of Fig. 7 where the reset MOS 
transistor 15 and the reset select MOS transistor 16 are 
mutually connected in reverse relationship, the same 
disadvantage as that in the structure of Fig. 6 is still 
existent, as obvious from a potential diagram of Fig. 9. 

In contrast therewith, this embodiment is so 
contrived that the source electrode of the reset select MOS 
transistor 16 is connected to the gate electrode of the 
reset MOS transistor 15, and a horizontal reset pulse 0HRm 
is applied to the gate electrode of the reset MOS 
transistor 15 via the drain and source electrodes of the 
reset select MOS transistor 16. Therefore, in either the 
noise read mode or the signal read mode, the operation is 
not affected harmfully by the feedthrough relative to the 
reset select gate, hence enabling the CDS circuit 25 in the 
following stage to suppress the feedthrough deviation 
derived from the reset gate per pixel. 

Fig. 10 is a block diagram showing the structure of 
a second embodiment of the present invention applied to a 



one-dimensional solid-state image sensor. 

In Fig. 10, the area enclosed with a broken line 
represents a unit pixel 51. This unit pixel 51 is composed 
of a photodiode (PD) 52 as a photoelectric conversion 
element, an amplifying MOS transistor 53 as an amplifying 
element, a select MOS transistor 54 as a select switch, and 
a reset MOS transistor 55 as a reset switch. Entire unit 
pixels are arrayed linearly in a one-dimensional 
arrangement • 

In this unit pixel 51, the photodiode 52 has a 
function of executing photoelectric conversion of incident 
light and storing the signal charge obtained through such 
photoelectric conversion. A gate electrode of the 
amplifying MOS transistor 53 is connected to a cathode 
electrode of the photodiode 52, while a drain electrode of 
the amplifying MOS transistor 53 is connected to a power 
supply (VDD) line 56. 

The select MOS transistor 54 is connected between a 
source electrode of the amplifying MOS transistor 53 and a 
signal line 57. And the reset MOS transistor 55 is 
connected between the cathode electrode of the photodiode 
52 and the power supply line 56. The reset MOS transistor 
55 consists of a depletion type transistor. 

Further a scanning circuit 58 is provided for 
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sequentially selecting the unit pixels 51 arrayed one- 
dimensionally. And a scanning pulse 0HSm outputted from 
the scanning circuit 58 is applied to the gate electrode of 
the select MOS transistor 54 , and a reset pulse 0HRm to 
the gate electrode of the reset MOS transistor 55 , 
respectively. Thus, the circuit configuration is 
simplified since the scanning circuit 58 serves also as a 
reset circuit which generates a reset pulse 0 HRm. 

A CDS circuit 59 of a simple configuration is 
provided at the output end of the signal line 57 to serve 
as a differential circuit which takes the difference 
between pixel pre-reset and post-reset signals. Similarly 
to the foregoing first embodiment, this CDS circuit 59 is 
so composed as shown in Fig. 3. 

Now the operation of the amplifying type solid- 
state image sensor in the second embodiment of the above 
structure will be described below with reference to a 
timing chart of Fig. 11. 

First, the signal charge (electron) stored in the 
photodiode 52 through photoelectric conversion is further 
converted into a charge signal by the amplifying MOS 
transistor 53. And when a scanning pulse 0HSm is 
outputted from the scanning circuit 58, the select MOS 
transistor 54 is turned on, so that a signal current is 
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supplied via the select MOS transistor 54 to the CDS 
circuit 59 by way of the signal line 57. 

Immediately thereafter, a reset pulse 0HRm is 
outputted from the scanning circuit 58 with regard to the 
relevant pixel which has outputted the signal current , and 
then this pulse is applied to the gate electrode of the 
reset MOS transistor 55. Since the reset MOS transistor 55 
is thereby turned on at this time r the photodiode 52 is 
reset to the VDD level. 

As obvious from the timing chart of Fig. 11 , this 
reset pulse <t> HRm is generated in the duration (high-level 
period) of the scanning pulse <#HSm. Therefore , the charge 
(noise component) of the photodiode 52 after extinction of 
the reset pulse #HRm, i.e., the post-reset signal charge 
thereof, is converted into a current by the amplifying MOS 
transistor 53, and this reset current flows in the signal 
line 57 via the on-state select MOS transistor 54, and 
subsequently such reset current is supplied to the CDS 
circuit 59 via the signal line 57. 

Due to a series of the operations mentioned, a 
signal output and a reset output are obtained sequentially 
in the form of signal output -> PD reset noise output 
relative to one pixel 51, and then are supplied to the CDS 
circuit 59. Subsequently, correlated double sampling is 
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executed in this CDS circuit 59 on the basis of such pre- 
reset and post-reset noise outputs, hence eliminating the 
characteristic deviation principally in the amplifying MOS 
transistor 53. 

Now a further detailed description will be given 
below on the operation of resetting the photodiode 52. As 
obvious from Fig. 10, the reset MOS transistor 55 consists 
of a depletion type transistor. 

In case an enhancement type transistor is employed 
as the reset MOS transistor 55, there arises a problem 
that, when resetting the photodiode 52 to the VDD level, 
the reset MOS transistor 55 acts in its saturation region 
as shown in Fig. 4A if the voltage from the power supply 
VDD is applied to the drain electrode thereof in the state 
selected by the reset pulse 0HRm, so that the source 
potential is rendered lower than the drain potential, and 
some charge may be left unremoved if the reset time is 
short, hence causing residual image. 

Meanwhile, in case a depletion type transistor is 
employed as the reset MOS transistor 55, this transistor 
acts in its linear region as shown in Fig. 4B, so that the 
source potential substantially reaches the drain potential 
to thereby achieve complete resetting without any unremoved 
charge . 
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Next, the operation of the amplifying type solid- 
state image sensor in the second embodiment of the above 
structure will be described below with reference to a 
potential diagram of Fig. 12 on the basis of a timing chart 
of Fig. 11. 

In a signal read mode (timing a in Fig. 11), the 
reset MOS transistor 55 is not turned on, so that the 
signal charge stored in the photodiode 52 is converted into 
a signal current by the amplifying MOS transistor 53. 

In a reset mode (timing b in Fig. 11), a high-level 
reset pulse 0HRm is applied to the gate electrode of the 
reset MOS transistor 55, whereby the reset MOS transistor 
55 is turned on to reset the photodiode 52 completely to 
the VDD level in its linear region. 

In a noise level read mode (timing c in Fig. 11), 
the reset pulse 0HRm is at its low level, and therefore 
the reset MOS transistor 55 is turned off* Consequently 
the reset level is converted into a noise current by the 
amplifying MOS transistor 53. And simultaneously, storage 
of the next frame is started at this time point (timing d 
in Fig. 11) . 

In the photodiode 52, the depletion reset gate 
serves directly as a transverse overflow barrier, and any 
excess charge above this level is dumped to the power 
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supply* The overflow level corresponds to the low level of 
the gate potential of the reset MOS transistor 55. 

Fig. 13 is a schematic block diagram showing an 
exemplary structure of a camera of the present invention 
which employs the aforementioned solid-state image sensor 
and the method of driving the same. 

In Fig. 13, incident light from an object scene is 
focused on an image forming plane of a solid-state image 
sensor 220 by an optical system including a lens 210. The 
solid-state image sensor 220 has the structure explained 
above. This image sensor is driven on the basis of the 
aforementioned method by means of a drive 230 including an 
unshown timing generator. 

The output signal of the solid-state image sensor 
220 is processed in a signal processor 240 through various 
stages to become a video signal. 

As described hereinabove , according to the solid- 
state image sensor of the present invention where each of 
unit pixels has an amplifying function, the relevant 
photoelectric conversion element is completely reset every 
time a pixel signal is outputted from each unit pixel, 
whereby signal components and noise components can be 
outputted successively from the pixels, so that fixed 
pattern noise can be suppressed by taking the difference 
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between the pre-reset and post-reset signals* Further, any 
residual image is not generated owing to complete resetting 
of each pixel, and generation of fixed pattern noise with 
vertical streaks can also be suppressed since the signal 
component and the noise component are outputted via the 
same path from the vertical signal line to the horizontal 
signal line. 

Although the present invention has been described 
with reference to some preferred embodiments thereof, it is 
to be understood that the invention is not limited to such 
embodiments alone, and a variety of other changes and 
modifications will be apparent to those skilled in the art 
without departing from the spirit of the invention. 

The scope of the invention, therefore, is to be 
determined solely by the appended claims. 
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